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DRY MATTER YIELD AND NUTRITIVE VALUES OF LOCAL 

GRASSES USED AS LIVESTOCK FEED IN ADOLA REEDDE 

DISTRICT OF GUJI ZONE, SOUTHERN OROMIA, ETHIOPIA 

ABSTRACT 

A study was conducted in Adola Reedde district of Guji zone, to asses and identify the major 
grass species, evaluate their chemical composition, in vitro digestibility, and estimate the 
biomass yield of the major grass species. A total of 60 key informants taken from the sample 
kebeles of three agro- ecologies were interviewed to asses and identify common grasses in 
their vernacular name. Sample collection was done in the mid of September for three 
consecutive days. A total of 6 rural kebeles were stratified into highland (dega), mid altitude 
(woina dega) and lowland (kola) agro-ecologies based on the availability, potential and 
accessibility of local grass species and the specific sampling areas in the kebeles were 
identified based on slopes of kebeles. The relative feed value (RFV) and dry matter 
digestibility (DMD) were calculated using NDF and ADF contents. Spearman’s rank 
correlation was used to examine relationships between laboratory results and farmers 
perception on grass quality. A total of 15 common grass species were identified and ranked by 
farmers according to the species’ preferences to cattle. Cynodon dactylon (L.) Pers), 
Cenchrus ciliaris, Sporobolus pyramidalis P. Beauv, Heteropogon contortus (L.) Roem & 
Schult and Chrysopogon aucheri were the top five species identified by farmers. The chemical 
composition of the grasses significantly (P<0.001) varied between agro-ecology and species. 
The CP values range from 5.65% for lowland to 11.3% for highland agro-ecology. Cynodon 
dactylon (L.)Pers has the highest while Heteropogon contortus (L.)Roem & Schult exhibited 
the lowest CP content. An overall mean value of NDF, ADF and ADL were 66.2%, 45.18%, 
and 11.23%, respectively, and IVDMD, ME, and RFV were 44.65%, 6.69%, and 60.97%, 
respectively. Total DM yield and DM of individual grass species were significantly (P<0.001) 
higher in highland than in the low land agro-ecology. Dry matter yield across agro-ecology 
ranged from 92.47±0.04 g m-2-119.41±0.07g m-2 for highland and lowland agro-ecology, 
respectively. The effect of intra location transect position was not significantly different 
(P>0.05) for DM yield. Generally, the potential of the herbaceous species to be used as feed to 
ruminant livestock, particularly in semi-arid areas is decreasing and it is aggravated by 
climate change/variability and global warming. Therefore, rangeland improvement has to be 
made for conservation of key forage species by use of holistic planned grazing, enclosure, and 
balancing the number of livestock so as to enhance the potential of grassland and dry matter 
yield of herbaceous species. 

Key Words: Agro-ecology, chemical composition, grass, indigenous knowledge, in vitro dry 
matter digestibility, Relative Feed Value.  



 
 

 
 

1. INTRODUCTION 

Majority of ruminant livestock in sub-Saharan Africa are raised on rangelands where feed 

resources are mostly natural grasses, forbs with some browse shrubs and trees (Abusuwar and 

Ahmad, 2010). Among African countries, Ethiopia possesses the largest livestock population. 

Recently, Ethiopian livestock population is estimated at about 59.5 million cattle, 30.70 

million sheep, 30.20 million goats, 56.53 million poultry, 2.16 million horses, 8.44 million 

donkeys, 0.41 million mules, 1.21 million camels and  5.92 million beehive colonies in the 

sedentary areas of the country (CSA, 2017). Its contributions to national economy and the 

livelihoods of many Ethiopians are significant. For example, the subsector contributes about 

16 % of the national Gross Domestic Product (GDP), 27-30% of the agricultural GDP, 13% of 

country export earnings, 30% of agricultural employment, and support and sustains livelihoods 

for 80% of all rural population (MoARD, 2007). Similarly, World Bank (2011) reported that 

the livestock subsector affords 16% of the total GDP and generates 14% of the country’s 

foreign exchange. 

Regardless of the enormous and substantial number of farm animals, its contribution to 

national economy and the productivity of livestock in Ethiopia is quite low. This disparity 

arises from limited supply and poor quality of the available feed resources which hinders 

optimal livestock productivity in tropical and sub-tropical countries (Solomon and Teferi, 

2010). For example, it is noted that the major reason for low milk production in Ethiopia is 

associated with shortage of livestock feeds both in quantity and quality, especially during the 

dry season (Zewdie, 2010). The low nutrition leads to high mortality of livestock, longer 

calving intervals in cattle and substantial weight losses, particularly during the dry season 

(December to May) in most part of central Ethiopia (Adugna, 2007; Shenkute et al., 2012). 

The feed supplies are seasonal and the shortage of green grass during the dry season is among 

the major causes of drastic deterioration of livestock nutrition (ILRI, 2006). In addition, 

degradation of rangelands due to uncontrolled and excessive use of communal grazing lands of 

undulated topography in the highlands and erratic rainfall in semi-arid areas have further 

reduced the availability of feed resources (Abule, 2003; Solomon and Teferi, 2010). 
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The problem of animal feed both in quantity and quality is aggravated in arid, semi-arid and 

tropical regions because of scarce and erratic rainfall that limits the growth of natural pasture 

species that resulted to low biomass yield. Thus, livestock in such regions have to strive with 

recurrent shortage of feeds of insufficient nutritional value for most part of the year (Robles et 

al., 2008; Boufennara et al., 2012). The productivity of range animals is directly related to the 

quantity and nutritive quality of the available forage (Hussain and Durrani, 2009). Range 

resources are heterogeneous and dispersed, tied with seasonal rainfall patterns, differing 

through time and characterized by overall erratic climatic patterns (Nori et al., 2008).  

According to Adugna et al. (2012) feed resources can be classified into natural pasture, crop 

residue, improved pasture and forage and agro-industrial by-products of which the first two 

contribute the largest share. Natural pastures are naturally occurring grasses, legumes, herbs, 

shrubs and tree foliage (Adugna, 2008). Productivity of natural pasture is gradually decreasing 

due to rapidly increasing human population pressure, expansion of land cultivation for food 

crops and shrinkage of grazing land areas, leading to a shortage of livestock feed (Adugna, 

2007). Continuous overstocking also decreases the proportion of desirable species and favors 

infestation by less nutritious and unpalatable species (Hassan, 2006). Even though indigenous 

plant species is dominant and still contribute an indispensable source of feed for ruminant 

livestock across all agro-ecology of Ethiopia, the production capacity and quality of natural 

grazing lands has been deteriorating over time and could not support optimum livestock 

production. This arises from overgrazing of the natural grazing lands as a result of poor 

grazing land management (Alemayehu, 2003; Getnet, 2003; Zewdie and Yoseph, 2014). 

Several studies have evaluated the native grass lands and reported that the potential and 

nutritional contents of indigenous plant species are different from one season to another 

season, and from one agro-ecology to another (Ayana and Oba, 2010; Diriba et al., 2012; 

Habtamu et al., 2013).  

Natural grazing lands are spatially and temporally heterogeneous (Eaton et al., 2011) and its 

chemical composition varies with environmental factors viz; altitude, rainfall and soil type, 

cropping intensity, grazing land management and variation in the genetic characteristics 

inherent to specific individual plant species (Alemayehu, 2003; Robles et al., 2008; Teka et 

al., 2012). These factors also affect the forage yield, intake and digestibility and animal 
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grazing behavior (Solomon and Teferi, 2010). Nutritive value of forage plants determines 

optimal herbivore body sizes, relative success of ruminants and non-ruminants. Hence 

evaluating the nutritional value of forages is imperative in livestock nutrition, because 

effective livestock production is associated to the quantity of nutrients in the forage (Schut et 

al., 2010). The study area, particularly Adola Reedde district has huge potential and great 

diversity of local grass species. However, detail studies have not yet been done with regard to 

the assessment, identification and determination of nutritional composition of local grass 

species. Therefore, this study was designed with the following objectives. 

 To assess and identify local grasses species of rangeland/ grazing land in Adola 

Reedde district of Guji zone. 

 To determine the chemical composition and in vitro digestibility of major grass species 

utilized by livestock in the study area. 

 To assess the status of most preferred grass species composition based on farmers 

perception and estimate their biomass yield. 
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2. LITERATURE REVIEW 

2.1. Feed Resource and Feeding System in Ethiopia 

In Eastern Africa, as in many developing countries, natural pasture provides the main feed 

source for grazing ruminant livestock, particularly in areas with extensive farming (Reid et al., 

2005). Extensive livestock farming is the main production system in dry savannah ecosystems. 

Pastoral communities normally use a traditional strategy of stock mobility following the 

spatial and temporal distribution of forage resources in response to rainfall variability. Pastoral 

herders in southern Ethiopia are largely dependent on cattle herding for their livelihood and 

preservation of their traditional culture (Solomon and Layne, 2000; Ayana and Fikadu, 2003; 

Kamara et al., 2004). 

Forage availability in tropical grasslands depends on rainfall pattern (Lenz and Facelli, 2006). 

Grasslands of East Africa, particularly in Ethiopia support the highest livestock population in 

Africa (FAO, 2010). However, the productivity of the grazing livestock in the region has 

remained low, mainly due to the critical feed shortages and inadequate quality of the pasture 

on offer, resulting from poor management, overgrazing, recurrent droughts, and shrinking of 

grazing land size (Solomon et al., 2007; Yayneshet, 2010; Roschinsky et al., 2010). 

Ethiopia is endowed with diverse vegetation types ranging from high altitude Afro alpine 

vegetation in the central highlands to arid lowlands in the East and rainforests in the West. The 

altitude of Ethiopia ranges from 125 m b.s.l. to 4533 m.a.s.l. and it possesses more land above 

2000 m than any other country in Africa (Friis et al., 2010). Topographic and altitudinal 

variation in Ethiopian landscapes has influenced the existence of varied vegetation types and 

floristic diversity (Mamo et al., 2013). 

Livestock feed resources in Ethiopia are categorized as natural pasture, crop residue, improved 

pasture and forage, agro-industrial by- products, other products like food and vegetable refusal 

of which the first two contribute the largest feed category (Alemayehu and Sisay, 2003). In 

spite of their limited nutritional value, forage resources are indispensable as feeds for 

herbivores when production systems are based on grazing rangelands (Papanastasis et al., 

2008). Forage plants provide humans with valuable ecosystem services, for example, they feed 
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an estimated 1.5 billion cattle, 1.2 billion sheep, 1 billion goats and 0.2 billion buffalo around 

the world, in turn supplying meat, milk and other commodities (FAOSTAT, 2016). These 

livestock are a global asset, worth around $1.4 trillion to the global economy and livestock 

farming employs around 1.3 billion people directly supporting over 600 million smallholder 

farmers (Thornton et al., 2011). A reliable supply of good quality pasture is critical for 

successful pasture-based production systems (Hughes et al., 2012).  

Range land is a predominant feed source for livestock in Ethiopia. Particularly in pastoral and 

agro-pastoral areas, very little land is planted with introduced pasture or forage crops (Malede 

and Takele, 2014), thus, natural pastures are the main source of livestock feed. However, they 

cannot fulfill the nutritional requirements of the animals particularly during the dry season due 

to poor management and their inherent low productivity and quality (Adugna, 2008). 

Inadequate feed supply, both in terms of quantity and quality is the major constraint affecting 

livestock production and their productivity particularly milk during dry season in Ethiopia 

(Zewdie, 2010).  

Animal performance mainly depends on the quality of forage available to livestock (Lazzarini 

et al., 2009; Woolley et al., 2009). Poorly fed animals give low output of meat and milk, 

delayed age at onset of puberty, long parturition intervals, low conception rates, low overall 

lifetime reproductive and growth performance, too long duration to reach optimum slaughter 

weight and product produced (meat) by such animals may not satisfy the desired quality 

attributes (such as tenderness) to fulfill the demand of the consumers (Adugna, 2008; Legesse, 

2008). 

The role of natural pasture grazing as a major livestock feed resource is diminishing from time 

to time due to shrinking of grazing land size (Yayneshet, 2010). Natural pastures mostly suffer 

from seasonal spells of dry periods during which they drop in quality, which is characterized 

by high fiber content, low digestibility, low nitrogen, very low protein and energy content 

(Assefu, 2012; Aster et al., 2012).  

It is well known that forages have an important role in ruminant animal production in terms of 

providing energy, protein and minerals (Arzani et al., 2006; Kamlak, 2010). Any feed offered 

to animal should provide enough nitrogen for the microbes in the rumen for optimal animal 
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performance (Mtui et al., 2009). Nitrogen availability in tropical pastures is expected to be 

higher in wet seasons (Hughes et al., 2012) due to higher availability of N in immature 

growing grasses than in more mature ones (Relling et al., 2001). 

The farming system in Southern Ethiopia is mixed and every farmer is engaged in mixed 

farming. In order to keep their livestock, farmer’s use various way of management option that 

includes free grazing, tethering, cut and carry system and restrain by rope (Jimma et al., 2016). 

In Western part of Ethiopia, feeding system of many cattle keepers solely based on field 

grazing of natural pasture and crop residues with minimal provision of supplementary feeds to 

their animals particularly during dry season (Belay et al., 2015). To cope up with critical feed 

shortage, farmers in the Southern part of Ethiopia used to fed their animals by conserving crop 

residues, and transporting animals to the areas with better feed availability whereas some of 

farmers who have additional homesteads in other places fed their animals by moving them 

from one homestead to another (Funte et al., 2010). Previously, grazing on natural pasture was 

the major feeding practice but it is now shifting to zero grazing because of continuing 

shrinkage of grazing land. Hence an animal starts to graze around homestead or nearby 

communal grazing land and are supplemented with weed, by-products of enset and crop 

residues. Tethering and stall feeding with grasses and weed from crop field and roadsides by 

cut-and-carry is also among feeding system practiced in the Southern Ethiopia (Brandt et al., 

1997; Funte et al., 2010). 

During the cropping season as a result of topography of places, presence of stony land, and 

remoteness of area from their residences, farmers around Baresa watershed area of Gurage 

zone used to manage and feeds their sick animals, lactating cows, unweaned calves, kids, 

lambs, donkeys and draught animals are around their homesteads and allow them to graze 

either tethered or on marginal land and roadsides (Mergia et al., 2014).  

2.2. Distribution of Grasses in Ethiopia 

Grass is a common word that generally describes a monocotyledonous green plant in the 

family Poaceae. It is the fifth most species-rich family of flowering plants that forms a major 

component and key elements of their structure (Cheplick, 1998; Heywood et al., 2007). Thus, 

the geographic distribution and community assembly of grasses is crucial to predict the 
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potential dynamics of grass biomes under changing environmental conditions (Gaëlle et al., 

2016). Grass occupies a greater area of the world’s surface than any other plant family, 

occurring in almost every terrestrial environment and provides a vital source of feed for 

animals (Cheplick, 1998). 

Forage grasses can be either annuals or perennials with a wide spectrum of adaptation and 

diverse growth habits and thus they are distributed in all continents and climatic zones (Pamo 

and Piper, 2000). Both annual and perennial grasses are herbaceous (non-woody) plants, made 

up of a grouping of units called tillers. Perennial grasses often live for relatively a few or 

several seasons by succession of secondary tillers, which replace the original tillers. However, 

annual grasses flower and die without producing replacement tillers which will be the reason 

for the death of the whole plant (Wolfson and Tainton, 2000). According to Pamo and Piper 

(2000), at maturity, the grasses range in height from a few centimeters to 20 meter or more. 

Despite having common morphological characteristics, some grass species may show many 

modifications from the typical structure. The modifications allow species to adapt to specific 

environmental conditions and provide a means for identification.  

Cenchrus ciliaris, Chrysopogon aucheri, Digitaria milanjiana, Eragrostis papposa, Panicum 

maximum, Themeda triandra, Digitaria naghellensis, Cynodon dactylon, Setaria 

verticillata,Themeda triandra, Heteropogon contortus, Pennisetum mezianum, Bothriochloa 

insculpta, Eleusine intermedia, Digitaria naghellensis are some grasses identified in Semi-arid 

Rangelands of Ethiopia (Habtamu et al., 2013). The dominant herbaceous plants in the semi- 

arid Borana lowlands, Southern Oromia, Ethiopia are perennial grasses which include 

Cenchrus, Cynodon, Themeda, Pennisetum, Entropogon, Bothriochloa, Brachiaria, 

Sporobolus, Panicum, Chloris, Aristida, Dactyloxenium, Leptothrium, Heteropagon and 

Hyparrhenia (Coppock, 1994; Gemedo et al., 2006). 

2.3. Most Commonly used Grasses  Species in Ethioipia 

In Ethiopia, particularly in the mid and lowland area, farmers used to feed their animals with 

natural and indigenous grasses such as Cenchrus, Cynodon, Themeda, Pennisetum, 

Entropogon, Bothriochloa, Brachiaria, Sporobolus, Panicum, Chloris, Aristida, 

Dactyloxenium, Leptothrium, Heteropagon and Hyparrhenia. Of the above mentioned 
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indigenous grasses, Cenchrus ciliaris, Chrysopogon aucheri, Digitaria milanjiana, Eragrostis 

papposa, Panicum maximum, Heteropogon contortus and Aristida adoensis are common grass 

species in the semi-arid rangelands of Borana in southern Ethiopia (Habtamu et al., 2013). 

Pennisitem polystachyon, Bracharia himidicola, Bidens prestinaria, Alectra sessilifora, 

Eragrostis viscosa, Eragrostis velwitschii, Hypherhennia rufa, Hypherhennia anamesa, 

Hypherhennia anthistirioides, Lipia adoensis, Sporobolus pyramidalis, Polygala persicalifolia 

are common herbaceous species under sub humid climatic conditions around Menasibu 

district, Western Ethiopia (Diriba, 2012). 

2.4. Biomass Yield of Herbaceous Plant 

Total dry matter (TDM) production of natural pasture is determined by seasonal fluctuation 

because of the impact of distinct seasonal variation in plant growth, in relation to the annual 

rainfall pattern (Mengistu et al., 2015). Forage biomass is generally the most important 

resource for animal production in grass ecosystems that is rapidly being depleted due to heavy 

grazing over vast areas of rangelands (Faiz et al., 2013). Improper rangeland management may 

result in serious land degradation, reduced biodiversity, and the gradual replacement of 

indigenous grasses by unpalatable species (Alemayehu, 2004; Amaha, 2006; Teshome, 2007; 

Mengistu et al., 2015). According to Mekuria and Yami (2013) rangeland condition is a 

reflection of specific indicators such as plant species composition, vegetation cover (basal 

cover), forage production, land condition (soil erosion and compaction) and management 

practices at a particular land system. Decline in rangeland condition may be explained in terms 

of reduction in vegetation covers and palatable species as well as increases in unpalatable plant 

species. Further signs of declines in rangeland condition may include depletions in soil quality 

and nutrients due to various forms of soil erosion, soil compaction and deterioration of plant 

regeneration capacities of the soil seed banks that make restoration of degraded rangeland 

more difficult. Such sign of declines may be induced by continuous grazing without rest and 

lack of conservation measures (Gemedo et al., 2006; Teshome, 2007; Desalew, 2008). 

The cumulative effects of grazing and bush encroachment are believed to cause a decline in 

herbaceous species (Oba et al., 2000). However, the impact of grazing on individual 

herbaceous species has been rarely investigated. Response of herbaceous species attributes 
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such as biomass, basal cover, age distribution of dominant grasses, number of seedling and 

soil condition with respect to grazing gradients to different location and nutritional quality of 

herbaceous species ranges in dry weight from 30 gram /m-2 for Sporobulus festivus to 0.30 

gram /m-2 -45gram /m-2 for Heteropogon contortus in South East part of Ethiopia (Mengistu et 

al., 2015). Grazing pressure has impacts on herbaceous species abundance (Angassa, 2014; 

Mengistu et al., 2015). Enclosed site of herbaceous species has relatively better condition in 

abundance than herbaceous species of open grazing sites. This arises from slight disturbance 

by grazing livestock’s in the area (Mengistu et al., 2015). More species abundance under light 

to moderate-grazing areas reflect the effect of heavy grazing on individual species (Angassa 

and Oba, 2010; Angassa, 2014).  

Herbage production, nutritive value, re-growth potential, botanical composition and species 

survival of forage plants are intensely affected by the interval between harvests of grasses 

(Nisa et al., 2005; Muhammad et al., 2006). As a result of recurrent defoliation, the total 

forage yield reduced and carbohydrate reserves depleted. This depletion of carbohydrate 

reserves from forage plants favored weed invasion and adversely affects their re-growth 

potential (Muhammad et al., 2006). 

Dry matter productivity by all herbaceous plants holds the key to livestock productivity (Hare 

et al., 2009). Grasses which yield the highest DM should be the most sought since they can 

supply the highest amount of forage to livestock. Variations in DM production across the 

species can be attributed to differences in growth rate and growth habit, which are mediated 

through the genotypic and phenotypic differences. This is a common phenomenon in grasses 

(Opiyo, 2007; Mganga, 2009; Ogillo, 2010). The total DM yield and DM of individual grass 

species are higher in enclosures than in the open-grazed areas. The impact of management 

factors may be the main reasons for the significant difference in terms of herbaceous biomass 

between the enclosure and open-grazed areas. Low DM yields of forage are obtained from 

open grazed sites as compared to enclosure areas (Teshome, 2007; Mengistu et al., 2015).   

2.5. Chemical Composition of Grass Species  

Feed composition is the chemical constituents making up a feedstuff. It is basically profiling 

the nutrient composition and density of the feed material (Kasale, 2013). The Forage 
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Committee (1992) defines forage as “edible parts of plants other than separated grain that can 

provide feed for grazing animals, or that can be harvested for feeding”.  

Quality and palatability of herbaceous plants affects the amount of vegetation that is 

consumed, rates of animal body weight gains and reproductive success (Mario et al., 2013). 

The nutritive value of forage plants determines optimal herbivore body sizes, the relative 

success of ruminants and non-ruminants, and migration strategies (Bailey et al., 1996). 

Therefore, determining the nutritional value of forages is important in livestock nutrition, 

because effective livestock production is related to the amount of nutrients in the forage (Schut 

et al., 2010). 

Total digestible nutrient (TDN), crude protein (CP) and metabolisable energy (ME) are often 

used as indicators of forage quality (White and Wight, 1984; Pinkerton, 2005). France (2000) 

noted that the nutritional value of forage depends on the amount of proteins and digestible 

carbohydrates. In addition, ash, lignin, cellulose, crude fiber, phosphorus carotene and some 

other plant chemical compounds are also measured as indicators of forage quality. El-Waziry 

(2007) and Rhodes and Sharrow (1990) considered the dry matter digestibility as the main 

index for determining forage quality. Belyea et al. (1993) and Van Soest (1991; 1994) showed 

that the acid detergent fiber (ADF) was a better indicator for determining the nutritional value 

compared to crude fiber, because ADF contain cellulose and lignin and the dry matter 

digestibility decreased with increasing lignin. Belyea et al. (1993) stated that nitrogen content 

and ADF are two important factors in determining the metabolisable energy requirements of 

livestock.  

Among the different grass species, there are variations in terms of their nutritional qualities. 

These differences could be due to inherent nature of the species, morphological, and 

anatomical differences among grass species. Species specific feed resource and site differences 

are also known to be the major factors in affecting the nutritive value of native forage species 

(Mahala et al., 2009; Subhalakshmi et al., 2011; Mengistu et al., 2015). Teka et al. (2012) 

reported that variation in the nutritive value of herbaceous species might also be attributed to 

sites’ potential in terms of differences in soil characteristics and temperature conditions. 

Similarly, other studies (Desalew, 2008; Teklu et al., 2010) have also indicate that differences 
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in the nutrient content between and within species could be attributed to the inherent nature of 

a particular species. 

The chemical composition of pasture grass is very variable, for instance the crude protein  

content may range from as little as 3% in very mature herbages to over 30% in young heavily 

fertilized grasses ( Jolaosho et al., 2013). The fiber content is inversely related to the crude 

protein content and the acid detergent fiber may range from 20-45% in very mature tropical 

grasses. Protein content and digestibility of gramineae species is generally less than that of 

legumes. The moisture content is of particular importance when a grass crop is being 

harvested for conservation. It is very high in very young material, always in the range of 75-

78% and falls as the forage matures to about 65%. Weather condition is a major determinant 

of moisture content (Fazel and Abdul, 2012; Jolaosho et al., 2013). Paul et al. (2006) 

undertaken study on feed value of selected tropical grasses and reported the variation in 

nutritive value of grass across species. Accordingly, their CP content ranges from 15.1-40%, 

ash content ranges from 6.5-14%, OM contents ranges from 86-93.8%, NDF contents ranges 

from 17-78.4% and ME contents ranges from 4.85-9.23 MJ kg-1 DM. 

In rangelands of Gambella, dry matter (DM), neutral detergent fiber (NDF) and acid detergent 

fiber (ADF) contents of grass species ranged from 89.65%- 90.70%, 44.10%- 80.76% and 

25.30%- 54.95% during wet and dry season respectively. Whereas the overall mean crude 

protein (CP), and organic matter (OM content of the grass species varied between 7.98%- 

13.73 and 82.54%- 90.70% in dry and wet season respectively (Ketema, 2015). High fiber 

content in grass species is due to the higher amount of fiber and the higher proportion of stems 

in the forage. The higher digestibility of legume species as compared to the grass species may 

be attributed to leaf form and structure (Pontes et al., 2007; Rawnsley et al., 2002). 

Nutritive value of herbaceous species in semi-arid rangelands of Ethiopia varies even with 

same area of different site. Accordingly, species variation in crude protein percentage across 

different sites in the Borana rangelands during the main rain season on average were 6.9%, ash 

content 14.3%, neutral detergent fiber 74.1%,  and acid detergent fiber 46.5% (Habtamu et al., 

2013). The grass species have moderate potential based on their in vitro digestibility values 

(Aster et al., 2012). In Southern Ethiopia, major grass species are varying in their chemical 

composition. Its crude protein contents ranged between 62.9 g kg−1 DM to 189.5 g kg−1 DM, 
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neutral detergent fiber (NDF) values ranged between 356.9 g kg−1 DM to 876.6 g kg−1 DM 

(Deribe, 2015).  

2.6. Intake and Digestibility of Grasses  

The most commonly employed laboratory method for determination of feed digestibility 

include those employing rumen liquor microbes to digest the feed under controlled conditions 

and then to determine the dry matter disappearance with time (Tilley and Terry, 1963). 

Alternatively, feed digestibility can be estimated by the use of enzymes to digest proteins 

(pepsin) and digestible fiber constituents (mainly hemicelullases and cellulases) (Paul et al., 

2006). 

Forage quality is defined as the capacity of forage to provide the required nutrients to livestock 

(Muir et al., 2007). Chemical composition of pasture vegetation is crucial, particularly in 

combination with in vitro digestibility to evaluate their nutritive value of species which are not 

known previously (Laudadio et al., 2009). 

Usually grasses are more easily manageable; better in taste and quicker in digestion than 

shrubs and trees for grazing and browsing animals (Sarwar and Nisa, 1999). Among the 

important feed evaluation parameters, total digestible nutrients, digestible energy, 

metabolisable energy, voluntary feed intake, palatability and digestibility are the major 

parameters evaluated by using live animals (Kasale, 2013). 

Digestibility of grasses species depends mainly on the growth stage, growth cycle and the 

species differences (Sarwar et al., 2004). Their digestibility generally decreased with advanced 

stage of maturity, because of increased fiber concentration, increased lignification, and 

reduced leaf to stem ratio in plant tissues (Khan et al., 2004; Nisa et al., 2004; Muhammad et 

al., 2006). Intake of forage is affected by a range of factors namely, the amount of forage 

available, characteristics of the forage consumed, animal’s intake capacity, performance level, 

health, genotype, social hierarchy, environmental factors (prevailing temperature and 

humidity), management factors ( stocking rate, type, and level of supplementation, feeding 

frequency, and availability of water and feed). Particle size of stored forages, amounts of fiber, 

protein, minerals in the dry matter, rate of passage via digestive systems, mould contamina-
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tion, poor fermentation, the nature of the sward, and accumulations of dead forage on pasture 

also affect forage intake (Adesogan et al., 2015). 

2.7. Relative Feed Value of Forages 

Forage quality is defined as the capacity of forage to provide the required nutrients to livestock 

(Adesogan et al., 2006; Muir et al., 2007; Newman et al., 2006). Feed value is the potential of 

the feed to supply the nutrients required by an animal both quantitatively and qualitatively in 

order to support a desired type of production (Paul et al., 2006). Relative feed value (RFV) is 

an index which combines important nutritional factors of forages such as intakes and 

digestibility into one unit which provides an indication for the quality of the feed and used to 

price forage thereby allocating forage to appropriate ruminant livestock performance levels 

(Linn and Martin, 1999; Undersander and Moore, 2002). Use of single index would be of 

interest and more practical to compare forage quality between species (Moore and 

Undersander, 2002; Muir et al., 2007; Undersander, 2003). ∅rskov (2000) suggested that 

forage with an index of 30 can provide enough sufficient for maintenance. Whereas Dunham 

(1998) suggested that feeds with RFV index higher than 100 are considered to be of higher 

quality forage compared to full bloom forage and those with a value lower than 100 are of 

lower value. 

Other research reports indicated that high quality alfalfa contains more than 151% RFV 

(Redfearn and Zhang, 2011). Dry matter digestibility (DMD) is the portion of the dry matter in 

a feed that is digested by animals at a specified level of intake. It can be calculated from 

percentage ADF, and nitrogen (N) using equation for mixed forages (Undersander et al., 

1993). Metabolisable energy (ME) can be estimated using the equation described by MAFF 

(1984) and Belyea et al. (1993). 

Dry matter intake (DMI) is an estimate of the relative amount of forage an animal will eat 

when only forage is fed. DMI was estimated from NDF using equation described by 

Undersander et al. (1993). The forage quality ranking of grasses were justified by dry matter 

intake (DMI), digestible dry matter intake (DDMI) and Index value.  
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The productive value of grasses is mostly determined by the amount consumed by an animal 

and contribution of the required nutrient for maintenance and production (Asaadi and Yazdi, 

2011). Generally, the RFV index was proposed to reflect how well an animal will eat and 

digest a particular forage species when it is fed as the only source of energy (Kazemi et al., 

2012). Relative feed index of certain local grasses around Borana rangeland areas of Southern 

Ethiopia vary from species to species and from site to site. Accordingly, RFV of some species 

of different site were 50.3-59.1 for Cynodon dactylon, 50.5-58.2 for Themeda triandra, 47-

52.6 for Chrysopogon aucheri, 47.5-57.2 for Heteropogon contortus, 50-69.4 for Eragrostis 

papposa, 45.5-53.5 for Bothriochloa insculpta, 48.1-56.9 for Cenchrus ciliaris, 43-50.2 for 

Digitaria naghellensis and 46.8-54.8 for Panicum maximum (Habtamu et al., 2013). 

2.8. Anti-Nutritional Factors in Grasses  

Oxalic acid (chemical formula HOOC-COOH) is a strong organic acid, which is widely 

distributed in nature in both plants and animals. However, plants contain more oxalic acid than 

animals. The name comes from the plant Oxalis (wood sorrel) from which it was first isolated. 

Oxalic acid has the ability to form a strong bond with various minerals, such as sodium, 

potassium, magnesium and calcium. When this occurs, the compounds formed are usually 

referred to as oxalate salts. Thus, “oxalate” usually refers to a salt of oxalic acid, one of which 

is calcium oxalate (Michael, 2002). 

Various tropical grasses contain soluble oxalates in sufficient concentration to induce calcium 

deficiency in grazing animals. These include buffel grass (Cenchrus ciliaris), pangola grass 

(Digitaria decumbens), setaria (Setaria sphacelata) and kikuyu grass (Pennisetum 

clandestinum). Guinea grass, bajra and Napier bajra hybrid contain oxalate content within safe 

limits; however, they may be toxic if fed for extended period of time (Rahman and Kawamura, 

2011). Oxalates react with calcium to produce insoluble calcium oxalate, reducing calcium 

absorption. This leads to a disturbance in the absorbed (Calcium: Phosphorus) ratio, resulting 

in mobilization of bone mineral to alleviate the hypocalcemia. Prolonged mobilization of bone 

mineral results in nutritional secondary hyperparathyroidism (Rahman and Kawamura, 2011). 

Cattle and sheep are less affected because of degradation of oxalate in the rumen. However, 

Sometimes cattle and sheep mortalities recorded from oxalate poisoning due to acute 
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hypocalcemia have occurred on grass species like Setaria and buffel grass respectively. Levels 

of 0.5 percent or more soluble oxalate in forage grasses may induce nutritional 

hyperparathyroidism in horses. Levels of 2% or more soluble oxalate can lead to acute 

toxicosis in ruminants. The oxalate content of grasses is highest under conditions of rapid 

growth with concentrations as high as 6% or more of dry weight (Cheeke, 1995). 

Young plants contain more oxalate than older plants, during early stages of growth; there is a 

rapid rise in oxalate content followed by a decline in oxalate levels as the plant matures. For 

instance, oxalate content of Napier grass can be manipulated by varying the harvesting interval 

and that oxalate content declined as the harvest interval increased (Davis, 1981; Rahman et al., 

2009). 

2.9. Factors Affecting Nutritive Value of Grasses 

Schut et al. (2010) stated that several factors affected forage quality, which can be pointed out 

to: vegetative stage of plant growth, plant species, climate, soil, temperature, and management 

factors. Based on several findings, it was found that representative traits of forage quality 

decrease with advanced stages of development.  

2. 9.1. Season and species variability 

In developing countries, noticeable disparity in availability and quality of feed resources and 

seasonal shortage have been regularly reported as foremost constraint to ruminant animal 

production and their productivity (Devendra and Leng, 2011). Adugna (2008) and Aster et al. 

(2012) have also reported that the availability and quality of different browse and grass species 

vary from season to season due to marked seasonality in rainfall distribution that affects the 

growth and development of the plant species, particularly that of the grasses and other 

herbaceous Species. 

Several factors contribute towards the nutritive value of forages which include species, plant 

part, stage of maturity and climatic variables. Those factors that have been reported to affect 

the nutritive value of herbaceous plants are seasonal variability (Teka et al., 2012), climate 
(Arzani et al., 2008), soil nutrient status and production location (Tessema et al., 2011), 

grazing pressure (Henkin et al., 2011) and management aspects (Vander et al., 2005). Spatial 
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distributions of grasses also affect the nutritive quality of common grass species (Habtamu et 

al., 2013). 

Seasonal variation is one of the important factors in driving the dynamics of forage quality 

(Arzani et al., 2008). Adugna and Abebe (2007) noted that in semiarid areas, there is a marked 

seasonal variation in availability and quality of feed resources due to marked seasonal 

variation in rainfall distribution. Seasonal variation affects livestock productivity in different 

regions of the world by affecting forage dry matter content (Arizmendi et al., 2001). A 

seasonal change of neutral detergent fiber content in tropical rangelands are routinely noticed 

and occurs due to maturity and the age of grass species with progress of season from dry to 

rainy seasons (Evitayani et al., 2004). 

Lower wet season neutral detergent fiber content compared to dry season for grass species was 

reported by Rueda et al. (2003), Hughes et al. (2012) and Aster et al. (2012). The high levels 

of neutral detergent fiber during the dry season might be due to high lignification with 

advanced stage of plant maturity (Hussain and Durrani, 2009). Gelayenew (2012) and Teka et 

al. (2012) showed that the acid detergent fiber content of tropical grasses being lowest in the 

wet season and highly increased during the dry season. 

2.9.2. Soil nutrient status of production location 

Wide ranges of soil texture and variations in soil structure have the potential of contributing to 

the variation in plant quality (Angassa et al., 2012). The availability and quality of natural 

pastures vary with altitude, rainfall, soil type and cropping intensity. The level and distribution 

of available soil nutrients and water are the main limiting factors (Adugna, 2008). The type of 

soil may influence the composition of the pasture especially its mineral content. Plants 

normally react to mineral deficiency in the soil either by limiting their growth or by reducing 

the concentration of the particular minerals in their tissues, or more usually by both. The 

acidity of the soil is also an important factor which can influence the uptake of many trace 

elements by plants (Kasale, 2013). 
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2.9.3. Management aspects and grazing pressure 

Pastures should be managed to maintain a leafy canopy that is free of weeds and overly mature 

herbage to optimize forage quality. There is much controversy about how to achieve this 

target. Improper stocking rate, unplanned fertilizer application and fail to balanced forage 

quantity with animal requirements are the most important management factors that hinder 

animal performance and minimize forage intake (Adesogan et al., 2015). High grazing 

pressure reduces the available biomass for the process of decomposition in the soil (Habtamu 

et al., 2013). Angassa et al. (2008) also noted that woody plant encroachment due to heavy 

grazing leads to low soil organic matter content.  

Pasture degradation by overgrazing was found especially around sites where livestock 

gathered, such as water sites (Sasaki et al., 2008). Changes in plant community structure by 

grazing are strongly dependent on plant life-form and its palatability (Stenberg et al., 2000).  

Plant functional type is the non-phylogenetic groupings of species showing close similarities 

in their response to abiotic and biotic factors including grazing pressure (Smith et al., 1997). 

Therefore, plant functional type has been widely used for quantitative evaluation of the 

response of plant community to environmental disturbances. The vegetation degradation 

process is generally characterized by changes in dominant plant functional type in the 

community such as gradual increase in abundance of annual species with a concomitant 

decrease in perennial species under heavy grazing (Pakeman, 2004; Diaz et al., 2007). 

2.9.4. Stage of maturity 

Tropical grasses generally grow and mature faster and reach senescence more quickly than 

temperate grasses, thus becoming more fibrous and less digestible within a short period of 

time (Hennessy et al., 2000). This creates a challenge in terms of ensuring that ruminants are 

provided with good quality forages over extended periods (Sampaio et al., 2010). The protein 

content and digestibility of most grass species decline rapidly with advancing physiological 

maturity of the plants and reaches very low levels during the dry season. Most forage crops 

will have a 20% loss in total digestible nutrients and a 40% loss in protein by a delay of only 

10 days past the most desirable stage of harvest. In general, late cutting of hay can cause a loss 
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of about 20% in digestibility of the forage and shattering of leaves may cause a loss of about 

20% of the nutritive value of the forage (Adugna, 2008). 

The crude protein content of individual grass species was declined as the stage of maturity 

increases from the main rain season towards the cool dry season and often declines with 

increasing plant structural constituents (neutral detergent fiber, acid detergent fiber and lignin). 

This is largely due to the changes associated with the advancing stage of maturity of individual 

species (Moore and Jung, 2001; Habtamu et al., 2013). The low protein levels and high 

accumulation of neutral detergent fiber and lignin in mature tropical grasses have been pointed 

out as being major factors that contribute to poor digestibility and animal performance (Paul et 

al., 2006).  

2.10. Indigenous Knowledge of Pastoralists on Local Grass 

Indigenous knowledge refers to the unique, traditional or local knowledge existing within and 

developed around the specific conditions of indigenous people to particular geographic area, 

and it is not only information about the ecosystem in general, but also about specific plants 

used as medicine, food, building material and the like (Grenier, 1998; Leonti et al., 2003). 

Pastoralists have managed their production system for many centuries, accumulating detailed 

knowledge of the environment of their grazing landscape (Mapinduzi et al., 2003). Pastoralists 

have also a well-developed local knowledge of animal-plant species interaction. Although 

most of the pastoralists lack knowledge related to physiological functions and anatomical 

characteristics of livestock, they have developed ability to classify their livestock’s according 

to their feeding habits into different feeding groups such as grazers, browsers and intermediate 

feeders, and also aware of factors affecting feeding selection such as palatability, the 

characteristic of plant, animal preference and their behavior (Bothma, 2010; Ismail et al., 

2012), as a result of long experiences acquired by livestock keepers. 

Seasonal movement of livestock, rotational grazing, tree planting, installation of fence, 

prescribed burning and use of traditional ceremonies were also mentioned as examples of 

locally inherited strategies used in grazing management (Ismail et al., 2012). In addition to 

conserving rangeland, pastoralists in Africa have also used their indigenous knowledge of 

silvo-pasture technology to conserve fodder during the rainy season and feed their livestock 
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during the dry season when forages are limited (Mwilawa et al., 2008). Turner et al. (2000) 

recommended that traditional knowledge of the indigenous people is fundamentally important 

in the management of local resources. Nevertheless, in contrary to this promising fact most of 

the rangeland management practices in Africa have excluded local pastoralists’ knowledge and 

considered scientific methods exclusively (Roba and Gufu, 2009). 

The other authors (Ayana and Oba, 2008) indicated documentation and verification of local 

ecological knowledge of rangeland resources have provided useful information for the 

development, sustainable utilization and conservation of natural resources. Additionally, local 

ecological knowledge may provide new insights into improving existing scientific research, in 

addition to basis for designing appropriate research and development policies and used us 

numerous indicators to explain local level degradation as a rising threat to food security 

(Teshome, 2016). Evaluation, integration, documentation and dissemination of local 

knowledge are attributed to the scientific bias that views pastoralists as exploiter of resources 

(Ismail et al., 2012).  

Integration of indigenous knowledge into rangeland management may provide a quick way of 

understanding the prevailing land use impacts. The insights on the role of indigenous 

knowledge could make important contributions to the understanding of changes in grazing 

patterns and rangeland improvement. The process of rangeland restoration would be made 

considerably more fruitful if local knowledge and perceptions are taken into consideration 

(Oba and Kaitira, 2006; Roba and Gufu, 2009). 

Solomon et al. (2006) projected that any attempt to improve grazing conditions of pastoralists, 

first requires thorough understanding of indigenous knowledge, traditional practices, goals and 

strategies. The pastoralists’ profound knowledge on key forage species and grazing behavior 

of livestock can form the basis for designing appropriate grazing management practices. Most 

interventions or development actions for improving livestock in Africa have proved 

unsuccessful, partly due to failure to obtain pastoralists’ participation in providing necessary 

local knowledge. Restoration of degraded rangeland in other part of East Africa through use of 

enclosures has shown positive effects on biodiversity (Verdoodt et al., 2009).  
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The study was conducted in Adola Reedde district, Guji zone of Oromia National Regional 

State located at about 475km south of Addis Ababa. The area is located between 5o44'10”N- 

6o12'38”N latitude and 38o45'10”E longitude - 39o12'37”E. The district shares boundaries with 

Girja district in Northeast direction, Anna Sorra in Northwest direction, Oddo Skakiso in 

Southern direction and Wadara in Southeast direction. It has a total area of about 1401km2. 

The district has 28 rural and two urban kebeles and it have three agro-ecological zones 

namely: dega (highland), woina dega (mid altitude) and kola (lowland). Most part of the 

topography of this district is characterized by ups and downs. Moreover, it has land surface 

with an elevation ranging from 1500 meters in Southern part to over 2000 meters in the 

Northwestern part. Like in many parts of Ethiopia, the farming system in Adola Reedde is 

traditional with oxen and yolk (animal’s power), and labour as major means of production 

during land preparaton, planting and harvesting as well as post-harvest process. Rain fed 

agriculture is a common practice for many farm householders in this district. However, a semi-

pastoral economic activity is also practiced as a means of livelihood by some of its residents 

(Aschalew, 2014). 

According to 2010 Adola Reedde districts livestock and fisheries resource development office 

report, livestock population is estimated at 137864 cattle, 9065 sheep, 96454 goats, 3445 

horse, 2165 mule, 72467 poultry, 19955 donkey, 11 pond of fish, 149,735 (78188 male and 

71547 female) of human population and 118200 hectares of total area (100470 hectares of 

cultivated land, 11820 hectares of grazing land, 4137 hectares of land covered with forest, 

1773 hectares are covered with others. Rainfall and temperature of the district are estimated to 

be 900-1700mm on average and 12oC- 28oC, respectively. 
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Source: Developed from Ethio-GIS (2006) 

Figure 1. Geographical location of the study area 

3.2. Selection of the Study Site and Sampling Methods 

The study district was selected from the zone due to its huge potential and great diversity of 

local grass species, large total area with different agro- ecologies and huge number of 

livestock. Multi-stage stratified sampling technique was employed to select the agro-ecology. 

The rural Kebeles (the smallest administrative structure in Ethiopia) were stratified into agro-

ecology, namely highland (dega), mid altitude (woina dega) and lowland (kola) and the 

kebeles within strata were selected purposively based on the availability, potential and 



22 
 

 
 

accessibility of indigenous grass species. Accordingly, highland (Maleka and Sakaro), mid 

altitude (Gunaco and Birbirsa-bilu), and lowland (Bacara and Chembe) kebeles were selected 

as representatives of the agro-ecologies. 

A community level group discussion was held at each agro-ecology in order to select key 

informants. The selection was undertaken purposively based on individual’s indigenous 

knowledge about relative abundance, preferences, and palatability of grass species by 

livestock. Pastoral communities from each agro-ecology selected 20 key informants, giving a 

total of 60 key informants across the three agro- ecologies.  Identification of common grasses 

were undertaken in their vernacular name and ranking was then done based on information 

provided by key informants regarding their relative abundance in the area and their 

consumption preference by livestock.   

For biomass yield estimation, three 50m long transects were established at three slopes of each 

kebele and average of its yield was used to represent each agro-ecology. Then a metal frame 

quadrant of 0.5m×0.5m with short legs welded to its corners was placed at every 10 m starting 

from one end, making five samples per transect, thus fifteen  0.25 m2 quadrant samples per 

each kebele, and thirty 0.25 m2 quadrant samples per each agro-ecology. The transect 

positions within each kebele were then selected to represent upper, medium and lower 

positions. Herbaceous vegetation’s within the quadrants were manually clipped at height of 

5cm above the ground (Allen et al., 2011), sorted in to the different species, and their fresh 

weight was recorded by using sensitive balance. Then, a total of each fresh grass species was 

chopped in to 2-5cm, and dried in an oven at 65°C for 48 hours. Finally, DM yield of each 

grass species at each agro-ecology was calculated by multiplying the percentage dry weight of 

each grass species to the fresh weight of the respective grass species at each quadrant per 

0.25m2 area. Samplings of herbaceous species were undertaken in the mid of September for 

three consecutive days.  

3.3. Sampling of Local Grasses Species for Identification 

Vernacular name of grasses was identified with the participation of key informants following 

proper harvesting of specimen. For grasses whose scientific names were not properly 

identified at field, specimens were collected in a duplicate, pressed between newspapers, 



23 
 

 
 

labeled, dried and transported to the National Herbarium of Addis Ababa University for 

identification and naming. Identification of those grass species were undertaken following the 

guide provided in the Flora of Ethiopia (Hedberg and Edwards, 1989; 1995). 

3.4. Preparation of Grasses for Chemical Analysis 

Harvesting of grass samples were carried out at the mid of September. The samples of 

common grass species were bulked together thoroughly mixed, and then one composite 

sample was maintained per location/agro-ecology. The air dried samples were dried at 65°C 

for 72 hours in an oven and ground in a ‘Willey mill’ to pass through 1mm sieve. Following 

partial drying in an oven, all grass samples from each agro-ecology and total of 45 (15x3) 

from the three agro-ecology were subjected to chemical analysis after equilibrated to room 

temperature for 24 hours. 

3.5. Chemical Analysis 

Proximate analyses and detergent fiber analyses procedures were followed to determine the 

chemical composition of the grass samples as outlined below.  

Since the grass was harvested wet two-step drying procedure was employed. The grass 

samples were first dried at 65°C for 72 hours in forced- draft oven to obtain partial dry matter 

(Undersander et al., 1993). The partially dried samples were ground in and then about 2 gm of 

grass sample was weighed in a clean and dried porcelain crucible and dried in an oven at 

105°C for 24 hours. Dry matter (%) was calculated as: 

The dry matter was determined as the product of partial and laboratory dry matter. Ash was 

determined according to the procedure of AOAC (1990). Two grams of ground grass sample 

was added in a clean dry crucible in an oven at 100°C for 2 hours and ignite in a muffle 

furnace at 5500C for 3hrs and weighed after cooled in a desiccator. 

Nitrogen content was analyzed according to the procedures described by AOAC (1990). 

Nitrogen was analyzed by Kjeldhal technique and CP content was calculated as N x 6.25. 

Neutral detergent fiber (NDF), acid detergent fiber (ADF), and acid detergent lignin (ADL) 

were determined using the method of Van Soest et al. (1991).  



24 
 

 
 

3.6. In vitro Dry Matter Digestibility 

In vitro dry matter digestibility (IVDMD) of each grass species was determined by the method 

of Tilley and Terry (1963) as modified by Van Soest and Robertson (1985) at Holeta 

Agricultural Research Center animal nutrition laboratory. The samples, which were dried at 65 
0C to constant weight, were ground to pass through a 1mm sieve. About 0.5 gram of the 

sample was incubated in 125ml Erlenmeyer flasks containing rumen fluid-medium mixture. 

Then it was incubated for 48 hours at a temperature of 39 0C for microbial digestion. Then 

duplicate sample was followed by another 48 hours for enzyme digestion with acid pepsin 

solution. Empty samples containing only buffered rumen fluid was also incubated in 

duplicates for adjustment. Samples residues were dried at 105OC for 24 hours. The rumen fluid 

was obtained from three rumen fistulated (Boran x Friesian) crossbred steers kept at 

maintenance diet. Dry matter loss was calculated as the difference between the dry matter 

weight of the sample at the start of the incubation and the weight of residue dry matter 

remaining at the end of the incubation period as stated by Tilley and Terry (1963). All 

measured concentrations were expressed on a dry matter basis. In vitro dry matter (IVDM) 

was calculated as: Dry sample weight- (residue- blank) / Dry sample weight x 100. 

The sample was ashed to estimate In vitro organic matter digestibility (IVOMD). The ME 

content was estimated using the equation: ME (MJ kg-1 DM) = 0.15*IVOMD (Beever and 

Mould, 2000). 

3.7. Relative Feed Value Determination 

The relative feed value (RFV) was calculated according to Stallings (2005) using the 

following procedure: RFV=   	 	 	( ) 	 	 	 	( )
. 	

 X100 

Where 1.29 = the expected digestible dry matter intake as % of body weight;  

DMD = 83.58-0.824xADF%+2.626 N% (Oddy et al., 1983);  

DMI =120
%	푁퐷퐹  (Undersander et al., 1993). 
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3.8. Perception Analysis 

Perceptions of key informants (pastoralists) were taken during field sample collection. A 

community level group discussion was held at each agro-ecology and the selection of the key 

informants was undertaken based on the individual’s experience in livestock keeping and 

vegetation. The selected respondents participated in the ranking of the same common grass 

species used for laboratory analysis. The cumulative match of key informant perception of 

ordering a particular grass species across the study location was divided by the total number of 

respondents (i.e. 60) and multiplied by 100 to obtain the percentage value for that particular 

species. Then, all the species were ranked in descending order based on their percentage value 

in relation to other species under examination. The perception value of individual species was 

then correlated with the results of the chemical composition of that particular species using 

Spearman’s rank correlation (Fowler and Cohen, 1996). 

3.9. Statistical Analysis 

Agro-ecology and species were considered as categorical predictor variables. Grass species 

nutritive values, and their dry matter yield were considered as response variables. The 

experimental design was completely randomized and analyzed as a two factor experiment 

(agro-ecology and species). Chemical composition and IVDMD were subjected to analysis of 

variance using a General Linear Model procedure of statistical analysis system (SAS) version 

9.1 (SAS, 2008). The LSD was used to determine mean differences at P≤0.05. 

The model used was: 

Yijk = μ + Ai + Bj + (AB)ij+ eijk,  

Where Y is the response variable,  

μ is the overall mean,  

Ai is grass species effect,  

Bj is the agro-ecology effect,  

(AB)ij is the interaction between species and agro-ecology and 

eijk is the random residual error assumed to be normally and independently distributed.  
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4. RESULTS AND DISCUSSION 

4.1. Results 

4.1. 1. The major grass species  

The farmers identified the grass species according to their vernacular name. All the 15 major 

grass species were found in all the agro-ecologies (lowland, midland and highland). The 

grass species and their local and botanical names are presented in Table 1. 

Table 1.The major available grass species identified in the study area 

No Grass species  Family name Local name 
1 Cenchrus ciliaris Poaceae Mata guddeesa 
2 Cynodon dactylon (L. Pers.) Poaceae Qorcaa 
3 Sporobolus pyramidalis P. Beauv. Poaceae miciica 
4 Heteropogon contortus (L.) Roem. & 

Schult 
Poaceae Qophii 

5 Chrysopogon aucheri Poaceae allaloo 
6 Setaria barbata (Lam.) Kunth Poaceae Sokorru 
7 Hyparrhenia hirta (L.) Stapf Poaceae Luuccole 
8 Panicum maximum Jacq Poaceae Laabbessa 
9 Sorghum arundinaceum (Desv.) Stapf Poaceae Obbaa 
10 Digitaria ternata (A. Rich.) Stapf Poaceae Sutaa 
11 Sporobolus fesivalis Poaceae Miciica lagaa 
12 Leersia hexandra Sw Poaceae Qabataa 
13 Themeda triandra Poaceae saamphilee 
14 Bothriochloa insculpta Poaceae Luuccole gammoojji 
15 Eragrostis papposa Poaceae Qaawwaa 

4.1.2. Chemical composition and IVDMD of grass species  

Overall, agro-ecology, species type and their two way interactions were significantly different 

(P<0.001) in terms of chemical composition and IVDMD. The results on chemical 

constituents are presented in table 2. The CP of herbaceous species was significantly (P< 

0.001) higher in highland and mid altitude agro-ecologies followed by lowland agro-ecology. 

The structural constituents (i.e., NDF, ADF and ADL) of herbaceous species in lowland were 

significantly (P<0.001) higher than in highland and mid altitude agro-ecology. Mean CP 

values of fifteen grass species for the highland and mid altitude agro-ecology of study area are 
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7.8% and 7.3%, respectively, but reduced to mean value of 6.6% at lowland agro-ecology with 

an overall average value of 7.23%. Highest CP was recorded for Cynodon dactylon (L.)Pers 

(11.30%) at highland agro-ecology and the lowest was recorded in Heteropogon contortus (L.) 

Roem&Schult (5.65%) at lowland agro-ecology.       

Highest DM was recorded for Heteropogon contortus (L.)Roem&Schult (95.7%) at lowland 

agro-ecology and the lowest was recorded in Cynodon dactylon (L.) Pers (88.7%) at highland 

agro-ecology. The DM, NDF, ADF, ADL and ash values were higher in the lowland than in 

highland and mid altitude agro-ecology with significant differences among species within each 

agro-ecology (Table 2). The ash content was significantly (p<0.001) higher in the lowland 

agro-ecology than highland and mid altitude agro-ecologies and ranged from 13.2 - 9.15%, 

11.35 -8.7%, and 12.05 - 9.2%, respectively. The highest ash content was observed in 

Heteropogon contortus (L.)Roem&Schult (13.2%) followed by Chrysopogon aucheri (13.1%) 

in the lowland, whereas the lowest ash content (8.7%) was observed in Cynodon dactylon 

(L.)Pers followed by Digitaria ternata (A. Rich.) Stapf (9.9%) in the highland agro-ecology. 

The highest NDF (70.14%), ADF (49.25%) and ADL (14.2%) content were recorded for 

Heteropogon contortus (L.)Roem&Schult at lowland agro-ecology and lowest NDF (58.6%), 

ADF (39.75%) and ADL (9.05%) content was obtained for Cynodon dactylon (L.) Pers at 

highland agro-ecology.    

The mean IVDMD of the grass species generally was higher in the highland agro-ecology 

(46.79%) than in the lowland (42.67%) and mid altitude agro-ecology (44.47%). The mean 

ME content was 7.02 MJ kg-1 DM, 6.67 MJ kg-1 DM and 6.40 MJ kg-1 DM for highland, 

mid altitude and lowland agro-ecology. The highest IVDMD (55.6%) and ME (8.34 MJ kg-1 

DM) values were observed at highland agro-ecology for Cynodon dactylon (L.)Pers, whereas 

Heteropogon contortus (L.)Roem&Schult exhibited the lowest IVDMD (40.3%) and ME (6.05 

MJ kg-1 DM) at lowland agro-ecology. The mean RFV of the grass species was higher in the 

highland agro-ecology (64.36) than in the lowland (57.30) and mid altitude (61.2) agro-

ecologies. Among the grass species, the highest RFV was recorded in Cynodon dactylon 

(L.)Pers (73.16%) in highland agro-ecology whereas Heteropogon contortus (L.) Roem 

&Schult (53.88%), and Chrysopogon aucheri (54.21%) exhibited the lowest RFV in lowland 

agro-ecology
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.Table 2. Chemical Composition of Grass Species across Three Agro-ecology of Study Area 

Grass Species Agro 
ecology 

DM 
(%)  

CP 
(%) 

Ash 
(%) 

NDF 
(%) 

ADF 
(%) 

ADL 
(%) 

RFV 
(%) 

IVDMD 
(%) 

ME 
(MJ) 

Cenchrus ciliaris Lowland 93.25jk 6.90efg 11.40cde 66.86cd 45.70mn 11.35kl 59.87gh 43.40g 6.51f 
 Highland 90.90m 8.05c 10.00efg 63.35ef 42.40pq 9.60n 66.47bcd 48.95bcd 7.34bcd 
 Mid altitude 91.5lm 7.55cd 10.45ef 64.92def 43.95no 10.25mn 63.33def 45.50d 6.83cde 
Cynodon dactylon (L.) Pers.) Lowland 90.75mn 9.75b 9.15hi 61.90f 41.25p 9.30no 68.65ab 50.40b 7.56b 
 Highland 88.70n 11.30a 8.7.00i 58.60g 39.75r 9.05nop 73.16a 55.60a 8.34a 

 Mid altitude 89.90mno 9.95ab 9.20h 61.65efg 41.00q 9.25o 68.44b 51.50ab 7.58ab 
Sporobolus pyramidalis P. Beauv. Lowland 94.30i 6.50fg 12.24bc 68.85bc 47.30lm 12.50ij 56.59j 42.30hij 6.35g 
 Highland 92.80k 7.05de 11.35d 66.55cd 45.40n 11.20klm 60.40g 43.65fg 6.55efg 
 Mid altitude 93.55j 6.85e 11.65cd 67.25c 46.25mn 11.60k 58.92h 43.00gh 6.45fg 
Heteropogon contortus (L.) Roem. & 
Schult 

Lowland 95.70g 5.65i 13.20a 70.14a 49.25k 14.20h 53.88klm 40.30ijk 6.05h 

 Highland 89.90mno 7.50cd 10.50ef 64.96def 43.70o 10.35m 63.61de 45.50d 6.83cde 
 Mid altitude 93.20jk 6.95e 11.43cde 66.85cd 45.65mn 11.35kl 59.91gh 43.50fgh 6.53f 
Chrysopogon aucheri Lowland 93.45jk 6.90efg 11.45cde 66.90cd 45.80mn 11.40kl 59.72ghi 43.40g 6.51f 
 Highland 92.60kl 7.20de 11.06def 66.08cde 44.80n 10.78lm 61.44f 44.25efg 6.64def 
 Mid altitude 93.45jk 6.90efg 11.45cde 66.90cd 45.80mn 11.40kl 59.72ghi 43.40g 6.51f 
Setaria barbata (Lam.) Kunth Lowland 94.7hi 6.30h 12.65ab 69.45ab 47.80l 12.90hij 55.65k 41.95ij 6.29gh 
 Highland 91.60lm 7.45cd 10.55e 65.00de 43.65o 10.35m 63.67de 45.55d 6.83cde 
 Mid altitude 93.00jkl 7.05def 11.35d 66.59cd 45.40n 11.25klm 60.37g 43.70fg 6.55efg 
Hyparrhenia hirta (L.) Stapf Lowland 94.80h 6.25h 12.60abc 64.45e 47.70l 12.90hij 55.79k 41.95ij 6.29gh 
 Highland 92.60kl 7.25d 10.90e 65.63cde 44.60n 10.65lmn 62.06efg 44.60ef 6.69def 
 Mid altitude 93.75j 6.70ef 12.05c 68.06bcd 46.70m 12.10ijk 57.80hij 42.55h 6.38fg 
Panicum maximum Jacq Lowland 94.05ij 6.50fg 12.20bc 68.38c 47.00m 12.30ijk 57.32ij 42.30hij 6.35g 
 Highland 92.25klm 7.30d 10.80e 65.50de 44.35no 10.55lmn 62.45ef 44.70e 6.71de 
 Mid altitude 93.15jk 6.95e 11.35d 66.75cd 45.45n 11.30kl 60.22g 43.55fgh 6.53f 
Sorghum arundinaceum (Desv.) Stapf Lowland 93.80ijk 6.60efg 12.05c 68.20c 46.75m 12.10ijk 57.69i 42.65h 6.40fg 
 Highland 91.35lmn 7.90cd 10.10efg 63.60e 42.75op 9.75mno 65.87cd 48.00cd 7.20c 
 Mid altitude 91.90klm 7.35cde 10.77e 65.40de 44.25no 10.55lmn 62.64e 44.85def 6.73d 
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Table 2. Continued…. 

Digitaria ternata (A. Rich.) Stapf Lowland 94.00ij 6.50fg 12.15bcd 68.75bc 47.00m 12.45j 57.00ijk 42.40hi 6.36fgh 
 Highland 90.80mn 8.10c 9.90g 63.03ef 42.30pq 9.60n 66.91bc 49.30bc 7.40bc 
 Mid altitude 91.45lmn 7.60cd 10.40ef 64.80def 43.60o 10.25mn 63.84d 45.90cde 6.89cd 
Sporobolus fesivalis Lowland 94.45hij 6.30h 12.50b 69.20b 47.7l 12.85hij 55.97jkl 42.10i 6.32g 
 Highland 91.6lm 7.40cde 10.70ef 65.25de 44.05no 10.40m 62.98def 45.25de 6.79d 
 Mid altitude 93.70j 6.75ef 11.85cd 67.60c 46.55m 11.80k 58.33hi 42.70ghi 6.41fg 
Leersia hexandraSw Lowland 93.90ij 6.55f 12.15bcd 68.40c 47.15lm 12.34ijk 57.11ijk 42.40hi 6.36fgh 
 Highland 90.85m 8.05c 9.96g 63.00ef 41.85pq 9.50n 67.50b 49.35bc 7.40bc 
 Mid altitude 91.40lmn 7.85cd 10.10efg 64.00e 43.20op 9.85mno 64.96cde 47.75cd 7.20c 
Themeda triandra Lowland 94.40hij 6.40h 12.30bc 69.01b 47.4lm 12.65ij 56.40jk 42.20i 6.33g 
 Highland 92.00klm 7.35cde 10.83e 65.50de 44.35no 10.65lmn 62.42ef 44.65e 6.67de 
 Mid altitude 92.75k 7.10def 11.25de 66.43cde 45.35n 11.15klm 60.55fgh 43.75f 6.56ef 
Bothriochloa insculpta Lowland 94.90h 6.10ghi 12.70ab 69.68ab 48.30l 13.25kl 55.03kl 41.95ij 6.29gh 
 Highland 92.70kl 7.15de 11.19def 66.26cde 45.25n 11.00l 60.78fg 44.05efg 6.61e 
 Mid altitude 93.80ijk 6.60f 12.05c 68.07bcd 46.70m 12.10ijk 57.87hij 42.65h 6.39fg 
Eragrostis papposa Lowland 93.65j 6.80ef 11.80cd 67.68c 46.40mn 11.80k 58.42hi 42.75gh 6.41fg 
 Highland 92.00klm 7.95cd 10.07efg 63.68e 42.85op 9.80mno 65.65cd 48.50c 7.30bcd 
 Mid altitude 92.80k 7.10def 11.25de 66.25cde 45.25n 11.00l 60.82fg 43.80f 6.57ef 
LSD  0.156 0.109 0.113 0.265 0.232 0.137 0.461 0.323 0.049 
Agro ecology  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
Species  0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
Agro ecology*Species  0.0008 0.0005 0.0002 0.0049 0.0014 0.0001 0.0031 0.0001 0.0001 

LSD =Least Significant Difference; CP=Crude Protein; NDF= Neutral Detergent Fiber; ADF=Acid Detergent Fiber; ADL= Acid 
Detergent Lignin; ME= Metabolisable Energy; IVDMD= In vitro DM digestibility; RFV=Relative Feed value; Means with different 
letters within column and grass species are significantly different at p≤0.05. 
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4.1.3. Frequency of grass species occurrence  

Based on the relative frequencies of each grass species across all agro-ecologies three grass 

species, Eragrostis papposa, Cenchrus ciliaris, and Chrysopogon aucheri with respective 

percentage values of 62.98, 58.85 and 54.64 were observed to be dominant and had high 

frequencies of >50%. Eleven other species were of intermediate frequency (20-25%), while 

the rest two grass species viz; Sorghum arundinaceum (Desv.) Stapf and Setaria barbata 

(Lam.) Kunth had frequencies below 20%. 

4.1.4. Dry matter yield of grass species 

The dry weight of individual species in the three agro-ecologies is presented in Table 3. In the 

highland agro-ecology, Cenchrus ciliaris, Heteropogon contortus (L.)Roem&Schult, 

Hyparrhenia hirta (L.) Stapf and Chrysopogon aucheri were the dominant grass species 

recorded with higher proportions than other species (Table 4). In all agro-ecologies, species 

such as Bothriochloa insculpta, Chrysopogon aucheri, Cynodon dactylon (L.)Pers.), 

Eragrostis papposa, Themeda triandra, Cenchrus ciliaris, Heteropogon contortus (L.)Roem 

&Schult, and Hyparrhenia hirta (L.)Stapf were commonly recorded. The DM yield across 

agro-ecologies was highly significant (P<0.001) with higher yield of 119.41±0.07g m-2 

recorded for highland agro-ecology and lowest mean DM yield of 92.47±0.04 g m-2 was 

recorded for lowland agro-ecology. The effect of intra location transect position was not 

significantly different (P>0.05) for DM yield (table 4).  

 

 

 

 

 

 

 



31 
 

 
 

Table 3. Dry matter yield of herbaceous species by their dry weight across three agro-ecologies 
of Adola Reedde district 

Dry weight g m-2 by floristic composition 
Species Lowland Highland Mid altitude 
Cenchrus ciliaris 0.32 0.40 0.34 
Cynodon dactylon (L.) Pers.) 0.41 0.37 0.32 
Sporobolus pyramidalis P. Beauv. 0.31 0.35 0.36 
Heteropogon contortus (L.) Roem. &Schult 0.33 0.46 0.35 
Chrysopogon aucheri 0.38 0.44 0.40 
Setaria barbata (Lam.) Kunth 0.16 0.18 0.22 
Hyparrhenia hirta (L.) Stapf 0.30 0.40 0.34 
Panicum maximum Jacq 0.32 0.39 0.35 
Sorghum arundinaceum (Desv.) Stapf 0.20 0.25 0.22 
Digitaria ternata (A. Rich.) Stapf 0.26 0.31 0.30 
Sporobolus fesivalis 0.29 0.33 0.31 
Leersia hexandra Sw 0.31 0.39 0.35 
Themeda triandra 0.38 0.36 0.30 
Bothriochloa insculpta 0.33 0.38 0.34 
Eragrostis papposa 0.42 0.39 0.35 
    
 

Table 4. Dry matter yield (g m-2) (Mean ± SE) as sampled from different slope across three 
agro-ecologies in Adola Reedde district. 

Slope Lowland Highland Mid altitude 

Medium 92.49c±0.01 119.36a±0.04 112.37b±0.17 

Upper 92.5c±0.02 119.41a±0.07 112.65b±0.17 

Lower 92.47c±0.04 119.17a±0.17 112.71b±0.17 

Means with different letters across row are significantly different and means with same letters 
within column are not significantly different at p≤0.05. 

4.1.5. Rank of grass species according to the perception of pastoral Communities 

The ranking of the common grass species according to the perception of pastoral communities 

is presented in Table 6. Pastoral community (key informants) of three agro-ecologies have 

identified common grass species and ranked them according to relative abundance, 

preferences, and palatability of grass species by grazing animals. Out of the 60 key informants, 

more than 85% mentioned Cenchrus ciliaris, Cynodon dactylon (L.)Pers.), Sporobolus 

pyramidalis P. Beauv, Heteropogon contortus (L.)Roem&Schult and Chrysopogon aucheri to 

be the dominant grasses, out of fifteen identified grass species based on its occurrence, 
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preferences and palatability by grazing animals. According to the pastoralists, Sporobulus 

festivus, Leersia hexandraSw, Themeda triandra, Bothriochloa insculpta, and Eragrostis 

papposa were perceived as species of low preferences and palatability while the remaining 

grass species were perceived as moderately preferred and palatable species in the study area.  

Table 5. Rank of herbaceous species according to Adola Reedde pastoralists’ perception  

Species name 
Rank by 
Respondents 

Low 
land 

High 
Land 

Mid-
altitude 

RFR 
(%) 

Cenchrus ciliaris 1 18 20 18 93.33 
Cynodon dactylon (L.) Pers.) 2 20 16 19 91.67 
Sporobolus pyramidalis P. Beauv. 3 17 18 17 86.67 
Heteropogon contortus (L.) Roem. &Schult 4 19 14 16 81.67 
Chrysopogon aucheri 5 16 15 12 71.66 
Setaria barbata (Lam.) Kunth 6 15 12 13 66.67 
Hyparrhenia hirta (L.) Stapf) 7 13 11 14 63.33 
Panicum maximum Jacq 8 9 17 11 61.6 
Sorghum arundinaceum (Desv.) Stapf 9 10 9 15 56.67 
Digitaria ternata (A. Rich.) Stapf 10 12 10 10 53.33 
Sporobulus festivus 11 8 13 9 50 
Leersia hexandraSw 12 14 8 7 48.33 
Themeda triandra 13 11 6 6 38.33 
Bothriochloa insculpta 14 7 7 5 31.67 
Eragrostis papposa 15 6 3 2 18.33 

Notes: Rank by respondents 1-5 = best, 6-10 = moderate, 11-15 = worst.  
RFR= Frequency of Respondent  

4.1.6. Correlation between ranks of farmers perception’s and nutritive value of grass 

species across three agro-ecologies 

The correlation coefficient between the farmers perception ranking and nutritive value of the 

common grass species are presented in table 7. The ranking value of individual grass species 

based on the perception of farmers was positively correlated with laboratory result of DM, CP, 

RFV, ME, IVDMD, and ash of grass species from highland and mid altitude agro-ecology 

whereas negatively correlated with NDF, ADF and ADL. The laboratory result of NDF, ADF, 

ADL and ash were positively correlated with pastoralist’s ranking value at lowland agro-

ecology whereas negatively correlated with DM, CP, RFV, ME and IVDMD.  
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Table 6. Correlation coefficient between Farmers Perception’s and Nutritive Value of Grass 
Species   

r value  
Agro-ecology DM CP Ash NDF ADF ADL RFV ME IVDMD 

Lowland -0.163 -0.125 0.179 0.200 0.191 0.200 -0.204 -0.187 -0.187 
Highland 0.014 0.080 0.200 -0.213 -0.041 -0.172 0.136 0.304 0.036 
Mid altitude 0.147 0.372 0.168 -0.167 -0.154 -0.154 0.139 0.139 0.139 
 

4.2. Discussion 

4.2.1. Chemical composition of grass species and their correlation with the perception 

ranking of farmers across three agro-ecologies  

The major grass species identified from all agro-ecologies are the same indicating that these 

species has a wider adaptation to the study area. However, studies may be required to identify 

the most adapted species to a particular agro-ecology to further characterize the species for 

future wider use. The variation in chemical composition of grass species between agro-

ecology arises from the difference in temperature and altitudes of particular agro-ecology. 

Temperature of lowland agro-ecology is high and as a result the plant seems to mature early as 

compared to both mid altitude and highland plants (Mamo et al., 2013). Hence, the result is a 

synergetic outcome of agro climatic variation that resulted from temperature, topographic, and 

altitudinal differences. Da Silva (2011) reported that the nutritive value of rangeland forage 

can be affected by seasonality and variation in temperature across a wider landscape of arid 

regions, suggesting that higher temperature promotes rapid development of structural fibers in 

plants. Adugna (2008), Robles et al. (2008) and Eaton et al. (2011) have noted that natural 

grazing lands are spatially and temporally heterogeneous and its chemical composition varies 

with environmental factors (altitude, rainfall and soils type), cropping intensity, grazing land 

management, level and distribution of available soil nutrients and water. High temperature 

also promotes the rapid conversion of photosynthetic products in the cell wall components of a 

particular plant species. Arzani et al. (2008) have also shown that climate variation, inherent 

species type, sites potential and soil characteristics are important factors in driving the 

dynamics of forage quality. Variation of agro-ecology significantly influenced the nutritive 
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value of herbaceous species. The results of this study is in agreement with the findings of 

previous studies (Teka et al., 2012; Mittal et al., 2012; Mengistu et al., 2015; Deribe et al., 

2013) who have studied the chemical composition of grass species in Borana rangeland, India, 

Bale zone of Lega Hidha Woreda and three zones (Wolaita, Dauro, Hadiya, and Guraghe) of 

Southern Nations and Nationalities Regional State of Ethiopia, respectively. The result of this 

study is also in agreement with finding of Mamo et al. (2013) who have studied the plant 

community analysis and effect of environmental factors on the diversity of woody species in 

the moist Afromontane forest of Wondo Genet South Central Ethiopia. In the present study, 

the possible elucidations for the observed variation among agro-ecology may be due to 

differences in soil nutrient status and magnitude of grazing where most preferred and palatable 

species may be affected by undue grazing.  

The CP content of highland agro-ecology was higher compared to mid altitude and lowland, 

while the reverse was true for NDF, ADF, and ADL. The probable motive for the highest CP 

content in the highland agro-ecology may be attributed to relatively mid stage maturity of 

grass species at harvest compared to lowland agro-ecology that in turn maintain structural 

constituents of herbaceous plants. On the other hand, grasses species of lowland agro-ecology 

had early stage of maturity that attributes for the high development of fiber constituents at the 

same harvesting time. The variation in chemical constituents may also be associated with 

differences in temperature, precipitation and soil characteristics (Bimrew et al., 2017) where 

plant growth and quality were affected markedly by temperature and soil moisture conditions.  

The result of the present study is also in agreement with report of Hennessy et al. (2000) who 

suggested that tropical grasses grow and mature faster and reach senescence more quickly than 

temperate grasses, thus becoming more fibrous and less digestible within a short period of 

time. This gives the impression that the chemical composition of herbaceous forage is more 

influenced by the stage of maturity, which arise from agro-ecological variation at same season 

of harvesting. Improper rangeland management may also result in serious declination of the 

nutritive values of forage plants, land degradation, reduced biodiversity, and gradual 

replacement of indigenous grasses by unpalatable species (Alemayehu, 2004; Amaha, 2006; 

Teshome, 2007; Mengistu et al., 2015).  
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Different grass species exhibit variations in terms of their nutritional qualities. This could be 

due to inherent nature of the species, morphological and anatomical differences among grass 

species with in the same agro-ecology. Species and agro-ecological differences are known to 

be the major factors in affecting the nutritive value of native forage species (Desalew, 2008; 

Subhalakshmi et al., 2011; Teklu et al., 2010; Mengistu et al., 2015). Teka et al. (2012) 

reported that variation in the nutritive value of herbaceous species might also be attributed to 

sites’ potential in terms of differences in soil characteristics and temperature conditions that 

arise from agro-ecological differences. Soil nutrient status, grazing pressure, management 

aspects, production location, and spatial distributions of grasses also affect the nutritive quality 

of common grass species (Vander et al., 2005; Henkin et al., 2011; Tessema et al., 2011; 

Habtamu et al., 2013). 

The reported mean value of CP was generally within the recommended range (6 to 8%) 

considered adequate for maintenance requirements of most wild and domestic herbivores 

(Esmaeli and Ebrahimi, 2003; Hussain and Durrani, 2009; Habtamu et al., 2013), but lower 

than the critical limit of 10.6% proposed by Minson (1990). McDonald et al. (2002) and 

Sampaio et al. (2009) also suggested that the minimum required level of CP content of grass 

species for optimal rumen functioning and microbial activity is 7-8%. In the current study, the 

CP content of the grass is comparable with report of Ketema (2015) that indicated mean value 

of 13.73% and 7.98% CP content of grass species during wet and dry season, respectively in 

the rangeland of Gambella. The result of CP is also in agreement with report of Paul et al. 

(2006) that suggested the CP content of tropical grass species to be in a range of 4-15.1%. 

The mean value of DM content reported in this study is in agreement with the report of 

Ketema (2015) that indicated the mean value of DM content of grass species of Gambella 

rangelands to be 93.19% during wet season and decreased to 89.65 in dry season. The result of 

highest mean value of DM recorded in lowland agro-ecology is in agreement with the report of 

other studies (Alemu et al., 2007; Bimrew et al., 2017) for other types of grasses. The highest 

mean value of DM in lowland agro-ecologies might be attributed to an increase in growth and 

development of grasses and because of decreased moisture content as compared to highland 

and mid altitude agro-ecologies.  
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The mean NDF value of 66.2% in this study is beyond a threshold level (60%) that declines 

voluntary feed intake, prolong rumination time and decreased efficiency of conversion of 

metabolisable energy to net energy. This result is in agreement with result reported by Diriba 

et al. (2012) who noted mean NDF value of 76% for grass species that exceeds threshold level 

and suggested that they exhibit lowest voluntary feed intake. The higher mean value of NDF, 

ADF and ADL contents of grass species in the study area attributes to the higher amount of 

fiber and higher proportion of stems. The reported mean value of ash in this study is in line 

with the finding of Paul et al. (2006) that ranges from 6.5-14%. The highest ash in the lowland 

agro-ecology may attributes to the soil type due to accumulation of top soil by flooding and 

erratic rainfall down the lower gradient.  

The mean IVDMD value (42.67- 46.79%) obtained from grass species in this study was 

comparable with the reports of Diriba et al. (2012) and lower than the values reported by 

Deribe et al. (2013). This difference could be a result of wide variations in topography, 

elevation, rainfall distribution, soil fertility, management conditions and probable differences 

in the maturity stage of grass species. The reported highest ME values at the highland agro-

ecology attributes to presence of highest IVDMD at highland agro-ecology than both mid 

altitude and lowland agro-ecologies. As cited by Diriba et al. (2012), Leng (1990) and Adugna 

and Said (1994) have indicated that forages with respective CP, and digestibility values lower 

than 8 and 55% are categorized under low quality forages and as a result they exhibit low 

intake, digestibility and poor utilization of feed DM. Therefore, in terms of CP and 

digestibility values, grass species evaluated in the current study fall under the category of low 

quality forages. 

The reported overall average value of RFV (60.97) is in agreement with report of Habtamu et 

al. (2013). However, this was apparently below the threshold level of 100 according to the 

report of Dunham (1998) and below 151 reported by other researchers (Redfearn and Zhang, 

2011). On the other hand present result was higher than reports of ∅rskov (2000) who suggest 

RFV of 30 can provide sufficient energy for maintenance.  The highest RFV in the highland 

agro-ecology may attributes to the lowest recorded value of NDF and ADF and highest 

recorded value of crude protein at highland agro ecology than mid altitude and lowland agro- 

ecologies.  
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4.2.2. Dry matter yield of grass species  

The high total DM yield and DM of individual grass in highland than lowland in the present 

study is linked to the impact of the farming. In the highland agro-ecology there is mixed 

farming (crop-livestock) system that minimizes the pressure of grazing compared to lowland 

agro-ecology where pastoralists own huge number of animal as a source of income, and food 

that in turn increase pressure of grazing.   

The low DM yield of grass species in the lowland as compared to highland agro-ecology 

correspond to the reports of Teshome (2007) and Mengistu et al. (2015) who suggested that 

rangelands in poor condition had low forage production with less desirable forage than those 

rangeland in good conditions. Low dry matter yield of herbaceous plant species in lowland 

agro-ecology can be generally attributed to the poor management practices and soil fertility, 

effects of inadequate and erratic rainfall, recurrent drought and increased grazing pressure. The 

present finding is in line with results of previous studies (Gemedo et al., 2006; Shenkute et al., 

2012; Faiz et al., 2013; Mengistu et al., 2015). This result also is in line with the report of Oba 

et al. (2000), Angassa et al. (2008) and Habtamu et al. (2013) who have indicated the 

declination in biomass of herbaceous species arises from cumulative effect of grazing pressure 

that reduces the available biomass for the process of decomposition in the soil and aggravates 

encroachment of bush in grazing land by reducing soil organic matter content.  

Variations in DM production across the species may also be attributed to differences in growth 

rate, growth habit and reduced biodiversity of range land which are mediated through the 

genotype and phenotypic differences (Opiyo, 2007; Mganga, 2009; Ogillo, 2010). Scarce and 

erratic rainfall also limits the growth of natural pasture species and biomass yield in 

rangelands area (Lenz and Facelli, 2006; Robles et al., 2008; Boufennara et al., 2012).  

4.2.3. Grass species quality as perceived by farmer’s  

In the present study, although interviewed pastoral communities lack knowledge related to 

physiological functions and anatomical characteristics of livestock, they have developed 

ability to identify common grass and rank them according to their preferences and palatability 

because of the long experiences acquired through years. This result is in line with the finding 
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of Bothma (2010) who suggested feed selection by livestock’s is primarily influenced by two 

factors: palatability, and preference of feeds.  

Correlation of ranking value of farmer’s perceptions with laboratory analysis result of grass 

species at highland and mid altitude agro-ecology indicated that pastoralists are familiar with 

grass species quality based on preferences and palatability of grass species by a particular class 

of livestock. However, there was some variation among farmers of lowland agro-ecology. This 

inconsistency of farmer perception might result from heterogeneity in species composition, 

spatial variation in topography, land-use patterns and soil characteristics of different agro-

ecologies of study area. The result of correlation was not in agreement with Habtamu et al. 

(2013) who suggested existence of strong correlation among species ranking value and 

nutritive value of grass species based on pastoral perception in semi-arid rangelands of 

Ethiopia. Since indigenous knowledge refers to the unique, traditional or local knowledge 

existing within and developed around the specific conditions of indigenous people to 

particular geographic area (Leonti et al., 2003), disagreement and inconsistency exhibited in 

the present study might result from variation in perception of different communities on 

particular species of their particular area. 
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5. CONCLUSION AND RECOMMENDATION 

5.1. Conclusion  

The study revealed that the chemical composition, RFV, and IVDMD values of grass species 

were affected by agro-ecology, species and their interaction. Crude protein, values were higher 

at highland than mid altitude and lowland agro-ecology for all grass species. The CP content 

of herbaceous species was adequate at high land agro-ecology but considerably declined 

towards lowland agro-ecology. The structural constituents (NDF, ADF and ADL), and DM in 

the sampled herbaceous species were higher at lowland agro-ecology, with critical 

implications on forage quality and the sustainability of livestock production. Overall, the low 

accumulation of CP and increased level of structural fibers were a clue of poor quality of 

forage. It seems that the nutritional quality of herbaceous forage is more influenced by the 

stage of maturity, which results from agro-ecological difference than any other factor that 

observed to be pronounced at lowland agro-ecology. The grass quality attributes generally 

indicate that the vegetation is poor in supplying grass of required quality.   

The Correlation result of ranking value with laboratory analysis result was inconsistent across 

agro-ecology except at highland and mid altitude agro-ecologies. This might result from the 

fact that heterogeneity in species composition, spatial variation in topography, land-use 

patterns, soil characteristics and variation in perception of different communities on particular 

species of their particular area. Dry matter yield of grass species implied that status of 

grassland in the lowland agro-ecology was in poor condition comparing to mid altitude and 

highland agro-ecology due to relatively low rainfall, high temperature, and grazing pressure. 

Generally, the result of this study highlighted the potential of the herbaceous species to 

support ruminant livestock production, particularly in semi-arid areas where the prevailing 

climate change/variability and global warming is impacting forage species availability, if the 

rangeland/grassland is properly rehabilitated and managed.  
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5.2. Recommendation 

 Since quality attributes of studied vegetation in the study area was poor, the protein 

and energy supplementation are found to be essential particularly for lowland kebele 

thereby to enhance the performance of grazing animals, maintain optimal rumen 

conditions for continuous microbial growth, and to ensure adequate utilization of 

fibrous compounds mainly during the long dry season.  

 Proper stage of utilization and management of herbaceous species should be practiced 

for optimum production, and productivity of livestock. 

 Rangeland improvement has to be made for in situ conservation of key forage species 

by use of holistic planned grazing, enclosure, and balancing the number of livestock so 

as to enhance the potential of grassland, dry matter yield of herbaceous species, and 

ensure climate smart environment. 

 In vivo conservation, its evaluation and utilization of the top ranking forage species 

should be considered for use in rangeland rehabilitation.   

 Documentation and integration of local knowledge of pastoralist’s into rangeland 

resources managements is also fundamental so as to understand the prevailing land use 

impacts, develops new insights into improving existing scientific research, designing 

proper research and development policies for improvement, sustainable utilization, and 

conservation of natural resources and in turn alleviating problem of food and feed 

shortage/scarcity. 
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7. APPENDICES 

7.1. Appendix Tables 

Appendix Table 1. ANOVA for chemical composition of grass species 

 

Parameters Source DF Mean 
Square    

F Value     Pr > F 

CP Agro-ecologies 2 10.863 308.40 <.0001 
 Species  14 4.986 141.54 <.0001 
 Agro-ecologies * Species  

 
28 0.106 3.02 0.0002 

Ash Agro-ecologies 2 22.152 290.84 <.0001 
 Species  14 3.443 45.21 <.0001 
 Agro-ecologies * Species  28 0.254 3.33 0.0005 
NDF Agro-ecologies 2 119.051 298.61 <.0001 
 Species  14 20.073 50.35 <.0001 
 Agro-ecologies * Species  28 0.941 2.36 0.0049 
ADF Agro-ecologies 2 96.446 275.53 <.0001 
 Species  14 13.979 39.94 <.0001 
 Agro-ecologies * Species  28 0.946 2.70 0.0014 
ADL Agro-ecologies 2 96.446 290.27 <.0001 
 Species  14 3.796 28.48 <.0001 
 Agro-ecologies * Species              28 0.484 3.64 <.0001 
IVDMD 
 

Agro-ecologies 2 127.984 285.11 <.0001 

 Species  14 35.371 78.80 <.0001 
 Agro-ecologies * Species              28 2.376 5.29 <.0001 
ME Agro-ecologies 2 2.879 285.11 <.0001 
 Species  14 0.795 78.80 <.0001 
 Agro-ecologies * Species              28 0.053 5.29 <.0001 
RFV Agro-ecologies 2 374.432 294.99 <.0001 
 Species  14 57.742 45.49 <.0001 
 Agro-ecologies * Species              28 3.160 2.49 0.0031 
DM Agro-ecologies 2 57.205 379.96 <.0001 
 Species  14 4.395 29.19 <.0001 
 Agro-ecologies * Species              28 0.429 2.86 0.0008 
   


